This study aims to measure the impact of liberalization on the efficiency of electricity production in Japan, and to examine whether or not economies of scope exist between electricity generation and transmission. Since 1995, liberalization of the electricity market in Japan has been phased in and regulations on entry have been relaxed three times. One motivation for these regulatory changes has been to improve the efficiency of electricity production by introducing competition. Using a panel data set on the nine 
Introduction
Recently inefficiencies in the Japanese electricity market have been the focus of some attention. In particular, even though the liberalization of the electricity market has been phased in and regulations on entry have been relaxed three times since the 1990s,the monopolistic nature of the Japanese electricity market has been the subject of much discussion. There has also been some discussion of the possible separation of electricity generation and transmission. Hence, this study aims to measure the impact of these liberalizations on the efficiency of electricity production in Japan, and to examine whether or not economies of scope exist between electricity generation and transmission. It is expected that the previous liberalizations have contributed to improving cost efficiencies step by step,.
A great deal of literature has examined whether or not inefficiencies exits in the electricity industry exist. Papers in this literature which estimate either a production function or a cost function can be divided into two groups; those which use a parametric approach; and those which use non-parametric approach. Papers using a parametric approach tend to estimate the cost function rather than the production function because there are endogeneity problems associated with input choices when estimating a production function. Kuwabara and Ida (2000) estimate a translog cost function for the Japanese electric companies. This method to estimate the translog cost function is popular und is the same method used to estimate the cost functions of firms in other industries. For example, Kitasaka (2011a) and (2011b) estimates translog cost functions for Japanese public and private universities. Kuwabara and Ida (2000) aim to measure the extent of economies of scale and economies of scope in the electricity industry in Japan, but they do not examine the impact of the liberalization measures 4 that have been implemented). Goto and Inoue (2012) estimate a composite cost function for the Japanese electric companies, using a simultaneous estimation. One advantage of estimating a composite cost function is that 0 can be directly substituted for the quantities of outputs into the model when the economies of scope are calculated. Goto and Inoue (2012) measure the economies of scope, in electricity production under this assumption. Most of the existing studies using a parametric approach estimate whereby the cost function and cost share functions are estimated jointly. Harimaya (2003) estimates a translog cost function of Japanese banks using stochastic frontier analysis, and this enables him, to examine the change of inefficiencies and the significance of the inputs.
Papers using a non-parametric approach typically employ Data Envelopment Analysis (DEA). Tsutsui (2000) measures the inefficiencies of Japanese electric companies using Malumquist Index, and then compares the estimated inefficiencies of Japanese electric power companies with those of U.S. companies. In addition to measuring these inefficiencies, Tsutsui (2000) also examines whether there has been a shift in the production frontier. This is one advantage of Malmquist Index. Arocena (2008) measures the impact of the diversification and the vertical integration of Spanish electric companies via the DEA approach by comparing companies which have different degrees of diversification and vertical integration. One disadvantage of the DEA approach is that the significances of the input variables cannot be evaluated. Hence, the impact of the liberalization cannot be examined via DEA statistically.
As can be seen from this literature survey, the impact of the relaxation of entry restrictions on the inefficiency of Japanese electric companies has not examined. The first contribution of this study is to examine the impact of the liberalization in the 5 Japanese electricity market by estimating a translog cost function directly. The second contribution of this paper is to measure the economies of scope, using estimates of this translog cost function.
The rest of this paper is organized as follows. Section 2 provides an outline of the liberalizations of the electricity market that have been implemented in Japan. Section 3 discusses the empirical models used to examine the impact of these liberalizations and how this model can be used to check for existence of economies of scope between electricity generation and electricity transmission, while section 4 details the definitions of the variables used and the data sources. Estimation results are reported in section 5, and section 6 contains a conclusion.
Liberalization of the Electricity Market in Japan
In the 1990s, deregulation to reduce inefficiencies in the electricity market was popular all over the world. At that time, many European countries and the United States deregulated their electricity markets.
Since 1995, liberalization of the electricity market in Japan has been phased in and the regulations on entry have been relaxed three times. This liberalization aimed to improve the structural efficiency of firms in the industry and to reduce electricity bills that were said to be higher than the average level paid by consumers in foreign countries (Yamaguchi (2007) ).
Prior to 1995, Japan was divided into ten geographic regions, and within each region a monopoly on power generation and distribution was allocated to one general electric power utility. As a result, there are ten general electric power utilities in Japan (see, Yamaguchi (2007) After the collapse of Japan's overheated stock and real estate markets in the early 1990s, higher electricity bills in Japan compared to those paid by consumers in foreign countries became an issue. The Japanese government aimed to improve the efficiency of electricity production by introducing competition into the electric power market. In the next section, the impacts of these three-step-liberalizations on the production of electricity are examined, using an econometric model.
[ Table 1 around here]
[ Figure 1 around here] To measure the inefficiency due to technical factors, a stochastic frontier version of the translog cost function is employed. Once the symmetry of the second derivatives of the cost function with respective two different input prices is taken into account, the stochastic frontier translog cost function can be written as follows: 
where is the total cost of the i-th firm at time t, is the quantity of the j-th output for the i-th firm at time t, is the observed price of the k-th input for the i-th firm at time t, is a 0-1 dummy variable taking the value of 1 if at time t the s-th change of the electricity liberalization has been implemented (s=1,2,3), is a time trend, ℎ is the ratio of thermal power generation to hydroelectric generationfor the i-th firm at time t , is the ratio of nuclear power generation to hydroelectric generation for the i-th firm at time t, is the ratio of new energy generation to hydroelectric generation for the i-th firm at time t, , ,
, ℎ , , and are coefficients to be estimated, is the inefficiency term for the i-th firm at time t, and is a standard disturbance. In this model, it is assumed that all firms have the same production technology.
3-2 Method for Estimating Economies of Scope 2
Baumol, Panzar and Willing (1982) define costs as being complementary if
One interpretation of equation (2) is that for costs to be complementary the marginal cost of each output decline when the amount of the other output increases. The second derivative on the left hand side of equation (2) can be computed using (1) 
In equation (3), ( 1 2 ) is always positive because TC, 1 , and 2 are all positive.
Therefore, to see if (3) 
Random-Effects SF Model
Fixed-Effects SF Model
Battese and Coelli Time Varying SF Model
where u, u i , and u it is a measure of technical inefficiency, v it is standard disturbance, is the individual fixed effect, T i is the number of periods in their balanced panel data, denotes a nornal distribution that generates a non-negative random variable, and denotes a half-normal distribution that generates a non-negative random variable. The difference between models (5), (6), (7) and (8) is the specification of the inefficiency term is. Models (5), (7), and (8) take no account of the panel nature of the data, while model (6) does.l. It should be noted that models (5) and (6) and non-nested models, while equation (6) can be obtained as a special case of equation (7) by imposing the restriction ζ = 0 for all i, and as a special case of equation (8) by imposing the restriction η = 0. The pooling model can be obtained as a special case of equations (5) and (6) by imposing the restriction 2 = 0.
If 2 = 0 in all these models, then the pooling model is chosen. The standard fixed models is a nested within equation (7) excluded from the analysis in this study. The reason for this is that electricity production by Okinawa Electric has some important characteristics that differ from other companies. For example, the scale of electricity production at Okinawa Electric P is much smaller than at the other companies. In addition, Okinawa Electric is the only general electricity utility not using nuclear energy for electric power generation.
Finally, the prefecture of Okinawa is made up of a number of small islands where Okinawa Electric is obliged to generate and supply electricity. As a result, it is thought that Okinawa Electric Power Company has a unique production function and a unique cost function. Hence, a balanced panel data set consisting of annual data on the other nine general electricitiy utilities from 1970 to 2010 is used.
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TC is total costs and is measured in million yen. The output in the electricity generation sector, 1 , is defined as the total quantity of electric power sold to consumers in the lighting and power sections (MWh). The output in the transmission sector, 2 , is defined as the length in kilometers of the transmission route including both overhead and underground routes. The unit fuel cost, 1 (million yen), is defined as 1 = (t t l fuel expen e ) (t t l u nt t f fuel nput ).
Two definitions for the cost of capital, 2 (million yen), are employed in this study. The first uses the gross fixed capital (including nuclear fuel). It is defined as
GFC t−1 = EUFA t−1 + FA t−1 + F t−1 + A t−1 ,
where 2 is the cost of capital in year t, DE t is the depreciation expenses, GFC t−1 is the gross fixed capital in year t − , t is the long-term prime rate for loans made by the main Japanese banks in year t, EUFA t−1 is the electric utility's fixed assets in year t − , FA t−1 is the fixed assets in process in year t − , F t−1 is the nuclear fuel in year t − , and A t−1 is investment and other assets in year t − . Data on the long-term prime rate for loans made by the main Japanese banks are drawn from the "Bank of Japan Statistics" published by Bank of Japan. The second definition of the cost of capital also uses the gross fixed capital except that nuclear fuel is not treated as an asset. That is, F t−1 is excluded from the right hand side of equation (9). Table 2 reports descriptive statistics for the two cases, when the price of capital is estimated using the gross fixed capital including nuclear fuel as an asset, 2 1 , and when the price of capital is estimated using the gross fixed capital excluding the nuclear fuel, 2 1 . The personal expenses per worker per year, 3 (million yen), is defined as 3 ＝(pe n l expen e ) (t e nu e f e ). [ Table 2 around here]
5. Result and Discussion LIMDEP 9.0 is used for this estimation (see Greene). Tables 3 shows the estimated results 3 . For models A -E show the estimated results when in calculatng the price of capital nuclear fuel is treated as an asset, while for models F -J show the estimated results when in calculating the price of capital nuclear fuel is not treated as an asset.
In all models (Models A -J), the coefficients of three dummy variables associated with the electricity liberalization are negative and significant. This suggests that the three entry liberalizations have had some impact in cutting costs. The coefficients of the ratio of thermal power, nuclear power, and new energy to hydroelectric power differ between the non-frontier models and the frontier models. In both non-frontier models and frontier models, the coefficients of thermal power are positive and significant in models A, D, E, F, I, and J, but insignificant models B, C, G, H. The reason why the costs of thermal power generation have been increased is thought that the oil price has been increased in the sample period. Before the coefficients of nuclear power and new energy are discussed, the models are specified.
In choosing between the usual panel models and frontier models, frontier models (Models D, E, I, J) are supported because the estimates of λ are positive and significant in all cases; every model suggests that there is a statistically significant inefficiency.
In all the frontier models (Models D, E, I, J), the coefficients of nuclear power are positive but insignificant. This means that increasing of the ratio of nuclear power generation has not reduced the electricity generation costs. The coefficients of new energy are positive but insiginificant in pooling SF models (Models D and I), while they are negative but insignificant in fixed-effects SF models (Models E and J). The cost efficiency of new energy is not clear.
The estimated coefficients associated with the time trend are positive and significant in all models. While technical innovation might be expected to lead to reductions in the cost of generation over time, stricter environmental and safety standards can be expected to have increased production costs over time.
When the results for the pooling SF models (Model D and I) and the fixed-effects SF models (Models E and J) are compared, the fixed-effects SF model (Models E and J) appears to be the more acceptable model because the fixed-effects models have considerations of panel.
To determine whether economies of scope exist, estimates from the fixed-effects models (Models E and J) are used. In both fixed-effects models, the assumption that the cost functions are increasing function on 1 2 1 2 , and 3 are satisfied in most of obsernation points. [ Table 3 around here]
[ Table 4 
Notes:
The average electricity price for households is defined as (p f t f elect c t f l g t ng) (t t l elect c t c n u ed n l g t ng ect ) ⁄ .
The average electricity price for industry is defined as (p f t f elect c t f p e ) {(t t l elect c t le ) − (t t l elect c t c n u ed n p e ect )} ⁄ The total sample size is 369. The data is for the period from the 1970 fiscal to the 2010 fiscal year. Okinawa Electric is excluded from the analysis. (1) For each explanatory variable and , the first line reports the estimated coefficient, and the second line is the standard error.
(2) *, ** and *** denote significance at the 10%, 5% and 1% levels, respectively. 
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